Abstract By modeling the broadband spectral energy distributions (SEDs) of a typical flat spectrum radio quasar (FSRQ, 3C 279) and two GeV narrow-line Seyfert 1 galaxies (NLS1s, PMN J0948+0022 and 1H 0323+342) in different flux stages with the one-zone leptonic models, we find a universal correlation between their Doppler factors (δ) and peak luminosities 
narrow-line Seyfert 1 galaxies (NLS1s) display blazar characteristics and maybe also host relativistic jets 1 (Zhou et al. 2003; Yuan et al. 2008) ; this has been confirmed by the detection of γ-ray emission from NLS1s by Fermi/LAT (Abdo et al. 2009; D'Ammando et al. 2012 ) and the observations of Kiloparsec-parsec scale radio structures (Doi et al. 2012; Gu et al. 2015) , especially the observation of apparent superluminal velocity in the jet of SBS 0846+513. The broadband SEDs of GeV NLS1s are similar to blazars (Abdo et al. 2009; Zhang et al. 2013b; Paliya et al. 2013; Sun et al. 2014 Sun et al. , 2015 Kreikenbohm et al. 2016; Paliya & Stalin 2016) and their γ-ray emission is also dominated by external Compton scattering (EC) process by photons from their broad-line regions (BLRs) (e.g., Sikora et al. 1994; Ghisellini et al. 2009; Zhang et al. 2014; Chen et al. 2012; Liao et al. 2014; Sun et al. 2015) . GeV NLS1s have significant emission lines, and sometimes a blue bump of the disk thermal radiation is observed in their SEDs. Therefore, the circumnuclear environment in NLS1s is analogous to that in FSRQs. Recently, on the basis of one-zone leptonic jet models, Sun et al. (2015) reported that the jet property of GeV NLS1s, including their jet power, radiation efficiency, and magnetization parameter, is indeed a bridge between FSRQs and BL Lacs, but more analogous to FSRQs than BL Lacs. Further more, Zhang et al. (2015) suggested a BL Lac-NLS1-FSRQ sequence with the increase of their BLR luminosity and Eddington ratio, which may correspond to the change of the accretion disk structure and the transformation of the dominant mechanism for jet launching.
The luminosities of blazars are thought to be boosted since the emitting regions move with relativistic velocity and small viewing angle (θ). Recently, Richards & Lister (2015) reported that the jets of RL NLS1s are aligned at moderately small angles to the line of sight, which is similar to blazars. The active galactic nuclei (AGNs) that are not detected with the Fermi/LAT have, on average, lower Doppler factors than those that are detected with the Fermi/LAT . The measurements of these parameter values are very crucial for understanding the physics of jets (e.g., Nokhrina et al. 2015) , for examining the unified models of AGNs (e.g., Hovatta et al. 2009; Savolainen et al. 2010) , and even for investigating the intrinsic radiation physics of blazars with gamma-ray bursts (Wu et al. 2011; Wang et al. 2011; Nemmen et al. 2012; Zhang et al. 2013a ). Some approaches have been proposed to estimate the Doppler factor values of AGNs. With the Very Long Baseline Interferometry (VLBI) measurements of the core angular size and radio flux, Ghisellini et al. (1993) estimated the δ values of ∼100 AGNs by comparing the observed Xray fluxes to that predicted by the Self-Synchrotron-Compton scattering model. The derived δ values with this method usually have large uncertainty since it needs simultaneous X-ray and VLBI observations and strongly depends on the turnover values (Lähteenmäki & Valtaoja 1999) . Jorstad et al. (2005) also used the VLBI observation data to derive the Doppler factors by comparing the flux decline timescale (τ obs ) with the light-travel time (τ int ) across the emitting region (τ obs ∼ τ int δ). Another more popular way to estimate the Doppler factors is to obtain the variability brightness temperatures of sources using total flux density variations (Lähteenmäki & Valtaoja 1999; Hovatta et al. 2009) factor Γ or the velocity of emitting region and the viewing angle θ) is still lacking. With the transparency condition, one may also estimate the lower limit of δ (e.g., Fan et al. 2014) . Theoretically, by modeling the observed broadband SEDs, the Doppler factors can also be constrained (Zhang et al. 2012 Sun et al. 2015; Yan et al. 2014; Kang et al. 2014) .
It is interesting that a tentative correlation between δ and the peak luminosities of the EC bumps (L c ) is found for FSRQ 3C 279 (Zhang et al. 2013c ) with four SEDs and two GeV NLS1s (Sun et al. 2015) . In this paper, we firstly further test this correlation in individual sources with 14 SEDs of 3C 279. And then we compile a sample of FSRQs and GeV NLS1s to study the correlation between L c and δ for different sources and also investigate whether this correlation can be used to estimate δ with the observed luminosity. The analogous observations in both FSRQs and GeV NLS1s also motivate us to explore whether they share the 
THE δ-L C CORRELATION FOR 3C 279
The 14 broadband SEDs observed in different stages for 3C 279 are collected from literature (Hayashida et al. 2012 (Hayashida et al. , 2015 Paliya et al. 2015) and shown in Figure 1 . Following our previous works Sun et al. 2015) , the simple one-zone leptonic model is used to explain the 14 observed broadband SEDs of 3C 279 in different stages. Some authors suggested that the seed photons from torus may present the better fits to the γ-ray spectra than those from BLRs (Sikora et al. 2009; Tavecchio & Mazin 2009; Tavecchio et al. 2013) due to the Klein-Nashina (KN) effect in the TeV band and the γ-ray attenuation (via pair production) at energies above 10 GeV (Liu & Bai 2006) . However, some observations also indicate that the γ-ray emitting regions of blazars should be inside the BLRs. For example, Poutanen & Stern (2010) reported that the spectral breaks in the 2-10 GeV range can be well reproduced by the absorption of γ-rays photons by extragalactic background light (Franceschini et al. 2008 ) are also taken into account.
In the SED fitting, the radiation region is assumed to be a sphere with radius R. The electron distribution is taken as a broken power law, which is characterized by an electron density parameter (N 0 , in units of 
[Hz] are likely looking at the jet within the 1/Γ (Γ is the bulk Lorentz factor) cone, and that the probability is the highest at the rim of the cone, we take δ = Γ in all the calculations, i.e., the viewing angle is equal to the opening angle of the jet 2 . Adding the magnetic field strength (B) of the radiating region, the model can be described with nine parameters: R, B, δ, and the electron spectrum parameters (γ min , γ b , γ max , N 0 ,
. We take R = δc∆t/(1 + z), where z = 0.536 is the redshift of 3C 279 and ∆t is the variability timescale and the ∆t values are listed in Table 1 . The indices of p 1 and p 2 are derived from the spectral indices of the observed SEDs as reported by Zhang et al. (2012) . γ max is usually poorly constrained, but it does not significantly affect our results and is fixed at γ max = 5000. Hence the free parameter set of our SED modeling is {B, δ, N 0 , γ b , γ min }. Following our previous works Sun et al. 2015) , the χ 2 minimization technique is also used to perform the SED fits. For the details of this technique and fitting strategies please refer to Zhang et al. (2014 Zhang et al. ( , 2015 and Sun et al. (2015) . The SED fits are shown in Figure 1 , and the model parameters are reported in Table 1 . As shown in Figure 1 , the significant variabilities of luminosity for 3C 279 can be observed. Figure 1 .
b Since the γ-ray spectra for 3C 279 are extracted from some periods and are the averaging fluxes over larger time intervals (Hayashida et al. 2012 (Hayashida et al. , 2015 Paliya et al. 2015) , ∆t = 12 hr is taken following our previous works (Zhang et al. 2012 , except for one observed SED, which is extracted at the peak of flare of ∼ 6 hr (Hayashida et al. 2015) . c The observed luminosity in the LAT band, from 100 MeV to 100 GeV.
The data of 14 SED fits for FSRQ 3C 279 are presented in the δ-L c plane, as shown in Figure 2 (a).
Note that the linear fitting results depend on the specification of dependent and independent variables, especially when the data have large error bars or large scatter (Isobe et al. 1990 ). Therefore three methods of linear regression fits are taken into account here, i.e., ordinary least-squares (OLS) regression of Y on X, OLS regression of X on Y, and the bisector of the two OLS lines. The linear fitting results together with the results of the Pearson correlation analysis are reported in Table 2 . In order to avoid specifying independent and dependent variables, the bisector of the two OLS lines of linear regression fit is used in the following analysis. The linear fits yield log L c /erg s −1 = (41.11 ± 0.39) + (5.45 ± 0.33) log δ with a
Pearson correlation coefficient of r = 0.93 and chance probability of p = 1.8 × 10 −6 , indicating that L c is tightly correlated with δ for 3C 279 in different stages.
THE δ-L C CORRELATION IN DIFFERENT SOURCES
The nine SED fits for NLS1 PMN J0948+0022 and five SED fits for NLS1 1H 0323+342 from Sun et al. (2015) 3 are also presented in the δ-L c plane, as shown in Figure 2 (a). L c is also tightly correlated with δ for the two GeV NLS1s, indicating that the variations of the luminosities are related with the variations of δ for an individual source in different stages. Considering the large error bars and small samples for the data of the two GeV NLS1s, the 3σ confidence bands of the linear fits for the three sources are also separately given in Figure 2 (a). It can be found that the δ-L c relations for the three sources in different stages are Table 2 . Notes: "All FSRQs" denote the 30 FSRQs (as described in Section 3) adding the 14 SEDs of 3C 279;"All NLS1s" denote the 17
SEDs of the five GeV NLS1s; "All" denote all the SED data of both FSRQs and NLS1s.
consistent within 3σ confidence bands. Therefore, the observed differences of L c for the individual sources In order to examine whether the different sources share the same δ-L c relation with the individual sources, we compile a sample of 30 FSRQs 4 and five GeV NLS1s from our previous works Sun et al. 2015) , in which their SEDs are measured simultaneously or quasi-simultaneously.
The observed SEDs of FSRQs and GeV NLS1s have been systematically fitted with the one-zone leptonic models in our previous works Sun et al. 2015) . Both L c and δ are also obtained from our SED fits. We pick up only one SED for each FSRQs , for which the same sources in the two papers the data in Zhang et al. (2015) are taken. Besides PMN J0948+0022 and 1H
0323+342 the other three GeV NLS1 galaxies in Sun et al. (2015) are also taken into account. The data of L c and δ for the sample are reported in Table 3 . 
PHYSICAL IMPLICATIONS
Note that δ is derived from the one-zone leptonic model fits for the broadband observed SEDs. Under the monochromatic approximation, L c is given by
where σ T is the Thomson cross section, c is the speed of light, U ′ ph is the energy density of photon field in the jet framework, R is the radius of radiation region. If the EC process is dominated by IC/BLR, it is U ′ ph = (17/12)Γ 2 U BLR (Ghisellini & Madau 1996) , where U BLR is the energy density of BLR photon field at rest frame. Assuming δ = Γ, we can obtain
where notation Q n = Q/10 n , P indicates that the values of U BLR P ′ e are almost universal among sources and among different stages of these sources. As shown in Figure 3(a) , it is indeed mostly distributed within 10 54 -10 55 erg cm −3 and both FSRQs and GeV NLS1s occupy the same region. This result indicates that P ′ e should be inverse proportional to U BLR . This is reasonable since a BLR with the larger U BLR should be more effective to cool the electrons, resulting in a smaller γ b , and then a lower P ′ e . The distributions of P ′ e of two kinds of sources are also presented in Figure 3 (b). The P ′ e values for most of FSRQs and 3C 279 in different stages cluster at 10 55.5 -10 56.5 , implying that the acceleration energies of electrons in different stages and in different FSRQs are similar. Ones can also observe that the typical P ′ e value of FSRQs is smaller than that of GeV NLS1s. U BLR in our previous SED modeling is taken as a constant or is calculated with the observed fluxes of emission lines Sun et al. 2015) . The values of U BLR are very close, but, on average, the derived values of U BLR for FSRQs are slightly larger than that for GeV NLS1s.
Therefore, the universal U BLR P ′ e value should be due to the EC cooling effect.
As reported in Sun et al. (2015) , the jet radiation mechanisms and the circumnuclear environments for both FSRQs and NLS1s are similar. The universal value of U BLR P ′ e among sources and among different stages of these sources may further suggest that their particle acceleration is also similar. To further investigate this issue, we show the distributions of p 1 for both FSRQs and NLS1s in Figure 3 ). Therefore, the particle acceleration mechanism in these Similarity of Jet Radiation between FSRQs and GeV NLS1s 9 energy conversion and particle acceleration for jets in FSRQs and GeV NLS1s, which can produce a flatter power-law particle spectrum (Guo et al. 2015) . This is also consistent with the moderately magnetized jets in both FSRQs and NLS1s (Zhang et al. 2013a; Zhang et al. 2015; Sun et al. 2015) . However, we cannot also rule out the first-order Fermi acceleration mechanism since the derived indices of electron distribution for some sources or some stages of individual sources are consistent with the prediction of first-order Fermi acceleration mechanism as shown in Figure 3(c) . Yan et al. (2016) also reported that the very hard electron spectrum can be produced using a time-dependent emission model in the fast cooling regime with KN effect. In addition, the stochastic acceleration scenario may be also an important particle acceleration mechanism in blazar jets (Virtanen & Vainio 2005; Tramacere et al. 2011; Yan et al. 2013; Chen 2014) .
Recently, Petropoulou et al. (2016) suggested that the broadband SEDs of blazars can be produced by the different relativistic plasmoids (different δ) with the same particle acceleration and radiation mechanisms.
A universal δ-L c relation between FSRQs and GeV NLS1s in different stages may further evidence that the particle acceleration and radiation mechanisms in two kinds of sources are similar.
DERIVATION OF δ VALUES FOR FSRQS IN 3FGL
As discussed above, the observed differences of L c in different stages and different sources would be gov- Figure 4 (Zhang et al. 2013c; Sun et al. 2015) . We test whether the two distributions of Doppler factors for the 43 FSRQs show any statistical difference with the Kolmogorov−Smirnov test (K-S test), which yields a chance probability (p KS ). A K-S test probability larger than 0.1 would strongly suggest no statistical difference between the two distributions.
We obtain p KS = 0.02, indicating that the distribution of δ LAT is marginally consistent with the distribution of δ H09 for the 43 FSRQs. These results suggest that the derived values of δ with the δ-L LAT relation are statistically consistent with the values calculated by other methods.
SUMMARY AND CONCLUSIONS
By modeling the broadband SEDs of a typical FSRQ 3C 279 and two GeV NLS1s PMN J0948+0022
and 1H 0323+342 in different stages with a one-zone leptonic model, we found a correlation between the Doppler factor (δ) and EC peak luminosity (L c ). We then compiled a sample of 30 FSRQs and 5 GeV NLS1 galaxies and found that the δ-L c correlation holds well. The main results are summarized as follows:
-L c is strongly correlated with δ for both FSRQs and GeV NLS1s, and the two kinds of AGNs form a clear sequence in the δ-L c plane, which may imply a unified picture of the particle acceleration and cooling mechanisms in the comoving frame for the two kinds of sources. Therefore, the observed differences of L c in different stages and different sources may be essentially due to their different Doppler factors.
-Replacing L c with the observed luminosity in the Fermi/LAT band (L LAT ), this correlation holds. The linear fitting result of the δ-L LAT relation is well consistent with the δ-L c relation within the errors. 
